Abstract: This mini-review outlines three underutilized approaches for studying meat-based biomarkers in archaeological paleofeces that we expect will increase in significance within the field. Myoglobin, stable isotope, and aDNA analyses all have untapped potential to inform meat-based dietary constituents.
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ceramics from other contexts) tested negative. From this study, it is evident that future use of myoglobin analysis in paleofecal studies could offer broader insights into animal resources that were incorporated into prehistoric diet.
Recent advances in stable isotope analysis may also allow for dietary reconstruction from paleofeces. Isotopic analysis of paleofeces has not been frequently applied in archaeological studies, but isotope ratios from modern feces show seasonal variability and dietary shifts on a shorter timescale in comparison to the early-life signature of teeth and the long-term signature of bone (Blumenthal et al. 2002; Kuhnle et al. 2013) . In contrast to teeth and bone, feces represent only a day or two in the life of the animal (Kuhnle et al. 2013) .
Meat consumption is reflected in isotopic signatures based on trophic level enrichments. Carbon becomes fixed in plant tissues and is absorbed by consumers; further up the food chain 13 C becomes more enriched relative to 12 C. Although δ 15 N can vary between plant species based on nitrogen origin, δ 15 N primarily rises with increasing trophic levels, so that animals and fish have enriched 15 N. However, given the increased complexity of marine food chains, fish are more enriched in 15 N than terrestrial animals, so that the relative representation of fish and meat in diet can be difficult to assess using isotopic studies. A modern dietary study demonstrated that it is possible to differentiate between fish diets and mixed fish and meat diets using stable δ 15 N and δ 13 C isotopes analyses from fecal material, although the researchers Paleofeces provide some of the most precise and unambiguous evidence for diet in archaeological research, as they allow researchers to directly identify digested remains of dietary constituents. Furthermore, parasite eggs, human DNA, and other contents of paleofeces can inform about individual health and life histories. Radiocarbon dating can directly link these data to a temporal scale (Jenkins et al. 2012) . This review discusses the potential application of three biomarkers found in paleofeces-myoglobin, stable isotopes, and DNA-that can be used to reconstruct meat consumption in the archaeological record.
Several biomolecules can indicate meat consumption, but perhaps the least understood of these is myoglobin. Myoglobin is an oxygen and iron binding protein found exclusively in skeletal and cardiac muscle; therefore, it can only be incorporated into feces by ingestion or due to severe health issues. Myoglobin can often be identified to the genus or species level, and is used in modern food studies to identify the contents of meat products. A groundbreaking archaeological study performed by Marlar and colleagues (2000) used enzyme-linked immunosorbent assay (ELISA) on a cooking pot sherd and a human paleofecal sample from Cowboy Wash Pueblo, Colorado to confirm a suspected case of cannibalism. Both the paleofeces and the cooking pot tested positive for human myoglobin, indicating human muscle tissue had been cooked and consumed. All control samples (including comparative modern human fecal samples, human paleofeces, and were unable to differentiate between purely terrestrialbased meat diets and diets containing meat and fish (Kuhnle et al. 2013 ). The ability conferred through isotopic analysis of paleofeces to distinguish between terrestrial and marine-based diets holds important implications for human behavioral shifts (e.g., the Neolithic Revolution). Stable isotope analysis can be used to investigate diet and environment directly, but they can also be used in a more indirect way to study cultural practices related to meat consumption, such as changes in animal husbandry (e.g., Fisher and Thomas 2012) . Paleofecal analyses of cattle dung and human feces from the same cultural context could link dietary changes in cattle to patterns of human consumption. For example, they can offer a more nuanced view of changes in cattle tending, including changes in seasonality that would likely be missed using bone or teeth. As such, isotopic analyses of fecal material could offer an untapped source of information on diet and cultural treatment of animals for archaeologists.
Digested remains of meat often cannot be identified through visual assessment, so DNA can serve as an invaluable source of information on specific animal resources in diet. Both traditional PCR and high-throughput sequencing have been used in multiple ecological studies of modern animals to identify dietary remains from feces (Deagle et al. 2010; Mallott et al. 2015) . Recent advances in highthroughput DNA sequencing technologies allow simultaneous testing for numerous taxa in a single sample while using smaller DNA fragments. These studies have changed the way that ecological and primatological studies of diet are being conducted (e.g., Mallott et al. 2015) and have the potential to contribute similarly to archaeological studies.
Recent archaeological studies have demonstrated that paleofeces often contain analyzable DNA from dietary contents (e.g., Battillo et al. 2014; Poinar et al. 2001 ). Both Poinar et al. (2001) and Battillo et al. (2014) successfully extracted mitochondrial DNA (mtDNA) using traditional PCR to study animal constituents from archaeological paleofeces in Hinds Cave, Texas and Turkey Pen Ruin, Utah, respectively. The Hinds Cave human paleofeces yielded mtDNA from three animal taxa as well as chloroplast DNA from eight plant families. Several Turkey Pen Ruin paleofeces also yielded mtDNA from mammalian species and one sample tested positive for turkey (Meleagris sp. Linnaeus Phasianidae) mtDNA, as well.
Although there were a number of turkey paleofeces and remains in the same midden, the single positive result for turkey DNA suggests that DNA crosscontamination was unlikely and probably indicates a rare instance of turkey consumption at this site. DNA leaching through sediments has been demonstrated (Haile et al. 2007 ), but work by Jenkins and colleagues (2012) at Paisley Caves, Oregon showed that leaching is not universal, and demonstrated the validity of associating DNA with a specific paleofecal sample within rock shelter settings.
Biomolecular analyses of paleofeces have been underused in studying diet in archaeology. Myoglobin, stable isotopes, and DNA analyses of paleofeces allow for increased precision in dietary studies through greater species-specific differentiation. Our focus has been on ways to identify the meat portion of human diet, but biomolecular methods should be equally effective when applied to plant remains, and we believe they will greatly enhance archaeological understanding of prehistoric diet.
